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(54) Method of and Apparatus for 
Mixing Substances 

(67) In the mixing of substances 
agitating means Is reciprocated 
through the material by mechanical 
impacts produced through Impulses 
from electro-magnetic means. In the 
embodiment described a reservoir 1 r 
has a mixing means 6, and means for 



producing reciprocating „„ v „,, 
the mixing means e in the form 
eddy current electromagnetic 
inductors 1 3 at each end com. 
a current source 1 4. A storage 
capacitor 19 and a turn-on 
1 5 are provided for the 
electromagnetic Inductors 13, 
elements 1 6 are made of an 
electrically conductive material. 
AddMonal electromagnetic 
conductors 22 maybe provided 
spaced longitudinally along the slide of 
the reservoir whereby transverse 
impulses may be applied to the 
materials to further Improve mixi ig 



movement of 
s form of 
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connected to 
> sequencer 
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Method of and Apparent 

Subatanoes 



70 



80 



The invention ^SSSS^SSStl^ 
5 methods of and P«*** W 

, 0 the mixing of 5" "JSlSf «« 8nd 08,1 
find use, therefore, in w 

oharmeceutlcal and ° thar ;"™ he Invention, there 

P Tcomlngtoone^ 
! b is provided a ^ ethod °„Sg movement, 

Advarrtageously^ohanK^^^^ 

Preferably, ^S^ment of the 
B n9laatotherec^« n « 9 m nerat ed 

30 Substances «^ "j££5»- impulaesfor 
KSn^esbelng mixed sprOVid ing 

Preferably, the mechanlca^pu^ ^ tho 

duration nmfll**^* » he mecha nlcBl 
ratio between the spacing ^ (n fl renge of 1 o 
impulses and their ou«« 

to10,000. nt her aspect of the invention. 

According to another espe mWng 

*eYe la provided^ an eppa jrt us rf ^ 
substances accord nfl »^vo k accommodating 
invention, comprising a re ducing 
a mixing njeana, and rr^na^o p ^ mean9 ^ 
50 reclpmoatlngmov^to^ 

rectprowtlng movement P t 

Including a resP° ot ' v ® !° deposed in immediate 
electromagnetic Induct d* P o and 

^^h^S^S- havl T BtW89 

SB connected in a currem f the 

68 capacitor, a tt^gfj elements made of 
el ctromagnetlc ^^.SUrtal end arranged 
an electrically ^"f^Lmagnetic Inductors. 
^ contact with the ^5^^ nc er for the eddy 
w Preferably,*etum2^ e ^ cotT ,prlB a1 



»Wch»™ 'g, o.paol»r. »>» 

SSSSsbssst- 

eource is ""^^J^Sto energy during the 
85 capacitor^* ^e mrchanlcal^y 
'^^rprovWedby. mechanical 

impulse is determined by 



N,=tVlt+tt/t 



(1) 



90 

^fthe efficiency of the jW^w*-: " 
, re preferably 



96 



Tl 
where i 



10 JL-1 0,000. 
t 



40 



46 



100 



. the value of 



al ctromagnew»>---" om ^,.131 anaarreua-- effectiv nw» - , cr BS einxn« 

anSectri^lv OT " du f^magnetic Inductors. e Q the memod, a f urth r iner may be 
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substances. Concurrent generation of the 
mechanical impulses responsible for the 
reciprocating movement of the substances being 
mixed and the mechanical impulses that are at 
5 right angles to the reciprocating mpvement 
makes It possible to reduce the time required for 
the mixing operation In the case when the 
substance viscosity and the apparatus dimensions 
allow for effective distribution of the energy 
1 0 consumed in generating the mechanical Impulses, 
ft is possible to generate the mechanical 
Impulses that are at right angles to the 
reciprocating movement of the substances being 
mixed during the spacfngs between the 
15 m echan ica I impulses providing for th e 

reciprocating movement or to generate the two 
types of mechanical Impulses according to a 
given sequence. 

In the second case, an Increase In the time 
20 required for the mixing operation takes piece, but 
the two types of mechanical impulses may have 
greater power, which allows for the mixing of 
more viscous substances In apparatuses of a 
greater capacity, as compared to the case of 
25 concurrent generation of the Impulses. 

The above-mentioned mechanical impulses 
have a duration ranging from 1CT 5 to 10**8 
(seconds), thereby ensuring various operating 
modes for effective mixing of the substances, the 
30 amplitude of a mechanical impulse being 
Inversely related to Its duration. 

Mechanical impulses of duration exceeding 
10~*s results in a considerable decrease In the 
effectiveness of the mixing operation. 
35 Mechanical Impulses of duration less than 
1 0~*s requires an apparatus which is difficult to 
develop and utilize. An optimum ratio of the 
spacing of mechanical Impulses to their duration 
is in a range from 1 0 to 1 0,000, which provides 
40 for effective mixing of the substances and for a 
reduced amount of power taken from an external 
power source. 

Increasing the above-mentioned ratio above 
1 0,000 results in too large a time interval for the 
45 mixing operation; on the other hand, a decrease of 
that ratio below 1 0 requires more power since a 
storage capacitor must be charged to a rated 
value for a short time interval. 

Given below are Examples illustrating 
60 embodiments of the Invention. 



Example 1 

A preferred method according to the invention 
Is used to mix liquid mixtures including motor oil 
and liquid admixture, which serves to decrease 

65 the solidification temperature of the oil. The 

above-mentioned components are introduced into 
the reservoir of the apparatus according to the 
following percent ratio: 99 percent of motor oil 
and 1 percent of calcium afkylphenolate. 

60 These substances are mixed by subjecting 
them to reciprocating movement provided by 
mechanical impute s along with concurrent 
generation of mechanical Impulses that are at 



65 



70 



75 



80 



right angles to the first-mentioned mechanicil 
Impulses. 

The mechanical impulses have a duration < if 
1 0~*e and a spacing of 1 s. The electric powe r 
being accumulated is distributed In a manner 
such that these mechanical Impulses are 
generated, 

The characteristics of the mixing operation are 
as follows: 

time required for mixing, 25 s; 

power taken from an external power source », 
500 W; and 

energy consumed during the mixing operat Ion, 
4 W — h. 

The preferred method provides for en increased 
efficiency of the mixing operation, for a decrea sed 
mixing time, and for a reduced power taken frt >m 
an external power source. 



Example 2 

A preferred method according to the invention 
Is used to mix (oose substances with the result 
85 that a moulding mixture Is provided. The follow 'ing 
components, according to a percent relation, a re 
introduced Into the apparatus reservoir; 

quarte sand, 60 percent; used mixture, 35 
percent; clay 3 percent; binding substance, which 
90 is an argfflo-sulphlde emulsion of peat pitch, 2 
percent 

The substances are mixed by subjecting them 
to a reciprocating movement provided by 
mochenical Impulses and further mechanical 
95 Impulses, which are at right angles to the first- 
mentioned mechanical Impulses, are generatec , 
the two types of meohanicaf impulses being 
generated according to a given sequence. To 
generate a mechanical Impulse belonging to thi > 
1 00 two above-mentioned types, the entire 

accumulated energy is consumed, with the rest) it, 
that the mechanical pulses produced have a 
greater intensity as compared to those of the 
previous example. 
1 05 The characteristics of the mrxfng operation afe 
as follows: 

duration of mechanical impulses, 10~*s; 
spacing of mechanical Impulses, 2s; 
mixing time, 60s; 
110 power taken from external power source. 2, 5 
KW; 

energy consumed during mixing operation, 4& 
W~ h. 

This preferred method provides, in this case, 
115 for an increased efficiency of the mixing 

operation, for a decreased mixing time, and for i 
reduced power taken from an external power 
source, 

A preferred apparatus comprises a reservoir 1 
1 20 (Figure 2) having a side wail 2 and end walls. On e 
of the end wails is rigidly fixed to the side wall 2 
for example, by welding, and the other end wall 
constitutes a lid of the reservoir 1 . The lid Is f ixec 
to the side waif 2 using bolts 4 and substances ; 
1 26 are charged through the lid Into the reservoir 1 . 
The mner side of the side wall 2 rigidly mounts 
guide members 5 which accommodate a mixing 
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moons 6 in the form of a perforated disc. There 
are cradles 7 which are on the base of a frame 8 
and are used to mount the reservoir 1 . The frame 
8 has two vertloal walls, 9, 1 0, the wall 9 feeing 
5 fixed immovably on the base of the frame 8, for 
example, by welding, and the wall 1 0 being 
allowed to move longitudinally In slots 1 1 on the 
base of the frame 8 and being fixed by bolts 12. 
The apparatus also comprises a reciprocating 

1 0 movement mechanism of the mixing means 6, 
which mechanism Includes eddy current 
electromagnetic Inductors 1 3 Installed In close 
vicinity to the end walls of the reservoir 1, on 
respective vertical wails 9, 10, and are coupled to 

15a current source 14 and to a turn-on sequencer 
1 6 for the eddy current electromagnetic Inductors 
1 3. The reciprocating movement mechanism also 
Includes elements 1 6 made of an electrically 
conductive material and arranged In the form of 

20 plates which are disposed between the inductors 
1 3 and end walls of the reservoir 1 . The inductors 
1 3 are made in the form of several wire turns 
housed In a dielectric envelope, and are provided 
with power lead elements 1 7 which are also used 

25 for mounting the inductors 1 3 on the walla 9, 1 0, 
the walls 9, 10 being used to accommodate 
dielectric Inserts 1 8. 

According to other embodiments of the 
Invention, there may be two or more Inductors 1 3 

30 mounted on the walls 9, 1 0 which depend on the 
apparatus characteristics Including its 
dimensions, on the substances being mixed, and 
on the other parameters. 

The current source 14 comprises a storage 

35 capacitor 1 9 and a converter 20. Installed on the 
outer side of the side wall 2 on dielectric brackets 

21 ere three eddy current electromagnetic 
inductors 22 which are analogous to the 
Inductors 13 and are connected In series with 

40 each other. According to other embodiments of 
the Invention, any other number of the inductors 

22 can be used, depending on the dimensions of 
the reservoir 1 « 

The Inductors 22 are coupled to the current 

45 source 1 4 and in contact with elements 23 made 
of an electrically conductive material, which 
constitute plates disposed between the inductors 
22 and the aide wall of the reservoir 1. The turn- 
on sequenoer 15 provides for the required 

50 sequence of tumlng-on of the inductors 22. 

To Increase the output of the Inductors 1 3, 22, 
the elements 1 6, 23 must be made of a material 
offering a higher electric conductivity, for 
example, of copper or aluminum. There are shock- 

55 absorbing gaskets 24 which serve to resist 

Impacts that may occur between the Inductors 13 
and the walls 9 r 1 0 of the frame 8. 

The end wall of the reservoir 1 (Figure 2) can 
serve as the element 1 6. 

60 Figure 3 Is a section taken along the line ill — III 
of Figure 1 , Illustrating the location of the mixing 
means in the guide members 5. The latter are 
used to maintain the mixing m ana 6 in parallel 
with the end walls of the reservoir 1 as it m ves 

85 from one end wall to another. 



The turn-on sequencer 1 5 (Figure 4) for th 
inductors 1 3, 22 comprises thyristors 25, 26 and 
a program switch 27 which includes a serial 
arrangement of a pulse generator 28, a ring-type 
70 shift register 29, and a pulse amplifier 30, the 
program switch 1 7 being connected to voltage 
supply terminals 3 1 , and gate electrodes 32 of the 
thyristors 28, 26 being coupled to the program 
switch 27. The inductors 1 3, 22 are coupled to the 
75 current source 1 4 In the following manner. The 
group including three Inductors 22, which are 
connected In series to one another, is connected 
to the current source 1 4 via the thyrtstor 25, 
while the Inductors 1 3 are coupled to the ourrem 
80 source 1 4 through their respective thyristors 28 
The current source 1 4 comprises a storage 
capacitor 1 9 and a converter 20 which includes 9 
step-up transformer 33, having Its primary 
winding connected to voltage supply terminals 
86 34, end a rectifier 35. 

The apparatus operates In the following 
manner. The reservoir 1 (Figure 1 ), whose side 
wall 2 mounts the Inductors 22, is arranged 
vertically and the substances 3 being mixed are 
90 Introduced therein through its end wall which 
serves as the lid of the reservoir 1 . In this case, 
the mixing means Is arranged on the other end 
wall of the reservoir 1 so that a certain sequence 
is defined according to which the inductors 13 
95 are turned on. After the substances 3 have been 
charged, the reservoir 1 1s closed tight using the 
bolts 4 and Is Installed on the cradles 7*o that ltf> 
end wall abuts against the shock-absorbing 
gaakets 24 on the vertical well 9 of the frame 8. 
1 00 The movable wall 1 0 of the frame 8 la displaced 
to be in intimate contact with the end wall of the 
reservoir 1 so that the shock-absorbing gaskets 
24 rest on that end wall, and is then fixed using 
the bolts 1 2 to acquire a position in which the 
1 05 elements 1 8 touch the end walls of the reservoir 
1 , When it Is I mpossible to provide for close 
relationship between the elements 1 6 and the 
end walls of the reservoir 1 , a clearance not 
exceeding 1 .5 mm may be allowed to be 
110 therebetween. 

The establishment of contact relation (or a 
minimum oloaranoe) between the elements 16 
and the end walls of the reservoir 1 Is a critical 
factor that Influences effective operation of the 
1 1 5 inductors 1 3, Note that a similar contact should 
be attained between the side wall 2 of the 
reservoir 1 and the elements 23 In mounting the 
brackets 21 on the side wall 2. 

The inductors 1 3, 22 are then connected 
1 20 electrically to the current source 1 4. 

When the supply voltage is applied to the 
terminals 34 {Figure 4) of the current source 1 4, 
the storage capacitor 1 9 charges via the etep-up 
transformer 33 and the rectifier 35. At the same 
1 26 time, the supply voltage Is applied to the 
terminals 31 of the program switch 27. 

When a signal from th program switch 27 Is 
applied to the gate iectrodes 32 of any one of 
the thyristors 25, 26, or applied concurrently to thE 
130 gate electrodes 32 of thBthyristor 25 and on of 
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the thyristors 26. the resp ctive tM««» 

Sh 27 operates to control the turmng-on of 
B tSnduot 0 rs13.22accordlngto a glven 

^ThTSise generator 28 provides a continuous 
train of voltage pulses which are delivered to the 
ring-Jpe shin register 29 and are then amplified 

bit portion of the shinregieter29.wh.ethe 
Jematnlnfl bit positions thereof receive Jo* O s. 
The arrival of thefiretputeefrtjn*o PUI» 

1 5 generator 28 makes the thyr store 25, ab, 

connected to the first bit position of the register 
ffSStfh* and the .ogle 1 t0 
the second bit position; **£»^£? e 
arrival of the second pulse from the pulse 

20 generator 28 causes the thyristors 23. 26 
Snnected to the second bit position of the 
register 29 to conduct, and the logic 1 is 

mW SS!?m^ ul^rovWIng the reciprocating 

SZwan 2 of the reservoir 1 . A current pulae 
40 magnetic field pulse with the resuj hat eddy 

the wall 9. The kinetic energy of the element 18 is 
Sansferred to the end wall of the reservoir \. 
which IsrtgSy attached to thaaide wall 2 of the 
BO resSoir" and the erdwallis subjected to 
50 Sasrde!ormatlon.Asaresult '^ggXtS^ 
Impact takes place on the end wall of the reservoir 
, Unce the mixing means 6 Is In contad rwrth the 
interior of the end wall of the reservo.M at that 
35 point in time, the end wall transfers^ the 

mechanical impulse so created to the "nixing 
means 6 and the latter therefore moves Wtth a 
Greater speed towards the other end wall of the 
reservoir 1 and drives in the course of Its 
60 movement a portion of the substances 3 being 
mbced I The other portion of the substances 3 
pSes through the holes In the mixing means 6 
and la displaced towarda th rigidly attached end 
wall. The speed of the mixing means 6 reaches 30 
65 m/s. Thus, the contactl ssmechan. ai impulse 



mates It poeelble to avoid a rigid coupling 
between the mixing means ° *"d a driv fori 
example a pneumatic r ^7*gJ on t' 
Snstalled outside of the reservoir l.j^lch I 
70 coupling. If any. would reduce the ^ctivenfess oi 
transfer of the mechanical Impulse since ■ 

mixing means 6 would be consumed by mat 

75 °° ThSpparatus is also M 
there is no device which provides for die 
Suction of that rigid coupling into the 

" Aett mixing means 6 moves ft Is brought 
ntTmomentwhentoe "fi^SSS 
S«tto alaetto deformation. The ™W~ Ufl 
substances 3 ^onefnCwaH nto1 

a!lo.i/lni,forad~r.».elntl»l»W I 

reservoir 1. A process analogous to that descriwa 
1 1 5 above therefore tekes place and the > modng meahs 

right angles to the reciprocating mcvernent of the 
substance 3 may be generated 
soaclnos between thoaa mechanical imposes 
SStp^*rtfi. reciprocating 
130 mis modeof operation, th turn-on sequencer 1 5 
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70 
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the vertical wait 9 of vmv he induot or 

1 3 on the vertical waH T u moment 
S operation cycle la term gjjj* ^ ^ the sWe 
when the group of the nouc 

wait 2 Is a^^Xch of the Inductors 13 and 

The turning-on ° f 2 , followed by a 

ofthegroupoftheMuctoreZ^ 

10 neriod during which thB ene^y 
10 Kanlca. Impute. > to .m* A providlng 
In the case of ^^.x^echanical Impulse 
sequential generation of me m q x of ^ 

providing for the WJ^SJJS ,m P ulaea at 

15 substances and of 

right angles to ^ recipro« ^ 
tum-on sequencer 1 6WW» f ne f rame 8 
Inductor 1 3 * *HS^22 on the side wall 
and the group f ^ e ^e a^watlon of the 

?0 fS^fatrStntheoccurranceofthe 

processes described above_ grou ^ 

P After each J *J*2SSS off. a period Is 
the Inductors 22 1 m for the next 

2S provldedduringwhlchtheenergv 

pulse is stored- t 5n a pulsed mode. Tne 

The apparatus oP^Jf^^e , 8 determined 
; duration of a mechamcal imp u nt8 wIth ln 

L the time Interval for*™* tne t ^ 

30 ?he turns ^J^SS »n tS elements 
Interaot with the curren ; " ■« UT8t | on can bo 
To! 23. The above-menttoned e ti me of the storage 
adjusted by va ^'" fl t ^° ,Xwe amplitude of the 
capacitor 1 9 and ^ermines «J £ must bs ^ 
35 m^hanlcal impulse. That emp« 6 to moV e 

a value sufficient ( ° *^ a » of the reservoir J 
rapidly to *e °PP°^ e e ™ " u p when rtfie 

and for the substances 3 « » | uen ced by the 

£ waii » **£^»«sr*. rr a 

40 inductors 22; note that in T« 8 jr1 

40 occurring within ^^S^c^^ 
should not.exceed the vaiue aur8 tion of a 

Sthe material-Th(s meens^hattn to0 oQ1 

mechanical im P"' B °/S^^^ 
the construction. Advance inherent 
stiffness at which he *eq uency^ ^ 
oscillations is at a tevel method. 
With the preferredappararu achleve d. 

50 effective ""^fiSK Productivity can 
with the ^su tthat h flheM , e feauction of 



comprialngg neratingthem^ 



comprising 0««JWffl3S!o movement 



85 



90 



96 



Ctelm9 u-w „* minina substances which are 
56 1 . A method of 3 „ ov p m0 nt. comprising 
subjected to ™«S a esto effect said 

generating ro eonan, ° ant 
reciprocating mov ment. n rfur ther 

SU aTm'hod as claimed In claim 2. further 



the substances being ™~ ulso6 for providing 

substances toingmjxed rf c)a , ms , 

6. A method as claimeo in r have a 
to 6. in which tnemechanical'mp 

comprising a reservoir a«»ron reciprocating 
£2* ASSESS*. r P eciproca^ 
movement of the mMngm dudIn0 a I 
Movement P^iTSromagnetic InducM 
respective eddy w J^~Sv ^ en(J WB rt 
disposed in immediate | piwanu W t 
ofthe reservoir andowneot^W^ sequen c* 

100 having a storage ' ^Xductore, and laments 
ftrthe electrostatic Jna material and 
Si^S** 6 electromagnetic 

switoh. „_ -laimed In claim 7 or 8, 

9. An apparatus -JJJJSi electrically 
,10 wherein thaelame^made^ 

conductive ma^nalare^sp ^ and 
respective j*«S55EB» reservoir. 

conductive material. (p any ne of 

electromagnetic lnd "^°^ 9 having the storage 
series to the current soume W^B an ele< ^ ca || 

^pacitor. ^^'^""3^ *** een *" 

electromagn tic .indujJJ 6ub6tanoe8 according 
12 - A T^Exem?l sdescrlbedh relnbefore 
"^SXdlAnflaubstances. 
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substantially as hereinbefore described with 
reference to and as illustrated In the 
accompanying drawings. 

1 4. An apparatus for mixing substances, 



substantially as hereinbefore described with 
reference to and as Illustrated In the 
accompanying drawings. 
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